High pressure -high temperature experiments for MnTe of NiAs type were performed using a synchrotron radiation as X-ray source and a cubic anvil X-ray diffraction press to produce nonambient sample environment. In the investigated range of pressure (0-67.5 kbar) on uploading and with following temperature rise from 296 to 1273 K (at 67.5 kbar), the structure type of MnTe is conserved. An earlier reported nonlinear behaviour of lattice-parameter c0 is not found in the present study. Possible reasons of this discrepancy are discussed. The vałue of bułk modulus and its pressure derivative were calculated from the pressure-volume dependence by fitting the Birch-Murnaghan equation.
Introduction
MnTe is a component of semiconductor solid solutions known as diluted magnetic semiconductors which are extensively studied in many laboratories (for a review see [1] ). These compounds crystallize mainly in sphalerite and wurtzite type tetrahedral structures. Phase diagram investigations [2] [3] [4] have shown the presence of polymorphism of MnTe. MnTe-I (or a-MnTe), stable at ambient temperature and pressure, crystallizes in NiAs-type hexagonal structure. A magnetic transition at 310 K is known for this form [5] . Apart of a commonly known high-temperature form, β-MnTe of NaCl type, two other high-temperature forms, y and b, of unknown structure types have been indicated by differential thermal analysis (DTA) [3] . The interest in studies of MnTe is due to the predicted and experimentally confirmed possibility of growing the metastable sphalerite-type MnTe by molecular beam epitaxy (see [6] and references therein).
(939) Previous experimental high-pressure investigations include studies of compressibility [7] [8] [9] and phase transformations [9] . The variation of lattice constants reported for MnTe-I in the stability range of 0-130 kbar in Ref. [7] is characterized by a large scatter of experimental points. In a study in the range of 0-70 kbar [8] , a nonlinear behaviour of lattice parameter c0 has been found with a minimum at 30 kbar and a maximum at 42 kbar; anomalies in temperature dependence of a0 and c0 at pressures of 28 and 43 kbar have also been reported there. The observed anomalies have been concluded in the cited reference to be possibly due to a magnetic transition. In Ref. [9] , two structural phase transitions at 65 ± 35 kbar to MnTe-II of an unknown structure (probably related to NiAs type) and at 210 ± 30 kbar to MnTe-III of MnP type structure have been found. The analysis of the above cited results led to a conclusion that to better understand the high-pressure and high-temperature structural changes in MnTe-I, a study using a synchrotron radiation source would be useful. Such a preliminary study of lattice-parameters behaviour within the limits imposed by the experimental setup is presented below, with the aim of determining the compressibility and thermal expansion in the available range of temperatures and pressures.
Experimental
In the present work, the high pressure -high temperature experiments were performed using synchrotron radiation as X-ray source. The experimental setup consisted in a cubic anvil X-ray diffraction press, MAX80 (described, e.g., in Ref. [10] ) and a germanium solid state detector of resolution 155 eV at 5.9 keV installed at F2 beam line at DESY-HASYLAB. The MAX80 facility had similar properties to that used in the earlier high-pressure studies of MnTe [8] , but the experiment differed in X-ray source, sample mounting and data collection system.
The sample was prepared from a MnTe-I crystal grown by crystallization from the vapour phase. The crystal was finely grounded and pressed, the investigated specimen volume was approximately 0.5 mm 3 . The specimen was built from thin horizontal wafers containing single phases of MnTe and NaCl marker separated by a BN layer. The wafers were mounted in a BN cylinder inside a vertical cylindrical graphite heater located in the middle of a cube made of boron-epoxy mixture. The wafer of NaCl was used to determine the pressure according to the NaC1 high-pressure equation of state [11] , the estimated accuracy was ±1 kbar. The measurement of temperature (with accuracy ±10 K) was performed with the help of a NiCrSi/NiSi thermocouple mounted within the cube.
The characteristic feature of applied experimental setup is using high-energy white radiation combined with a low fixed diffraction angle. The diffraction angle 0 fixed at 2.9979° caused that the effective range of studied interplanar spacings extended down to 1.6 A. The peak positions were determined by a profile fitting program assuming a Gaussian shape. The lattice parameters were calculated by Cohen's least squares method (with updated version of the program described in Refs. [12, 13] ) using the 002, 101, 102, 110, 103, 112, 201, 004 and 202 reflections available in the studied energy range; in some cases the 002 peak had to be omitted because of too low intensity.
Results and discussion
A preliminary laboratory experiment using a conventional Bragg-Brentano diffractometer showed that there is no trace of secondary phases in the MnTe crystal. The powder patterns obtained at non-ambient conditions are shown in Fig. 1 . The presented patterns are similar in form and quality to the only published high-pressure pattern of MnTe-I [9] measured in the angle-resolved mode at 73 kbar; the difference in relative peak intensities between the patterns of Fig. 1 and Ref. [9] is attributed to the effect of preferred orientation of the sample.
In the pressure range 0-67.5 kbar on uploading (at ambient temperature) and with the following pressure rise from 296 to 1273 K (at 67.5 kbar), the structure type of NiAs type is found to be conserved. Additional peaks characteristic of MnTe-II appear neither during the uploading (in agreement with the results of Ref. [9] ) nor during the following pressure rise. Weak peaks were concluded, on the basis of comparison with the laboratory powder-diffraction pattern, to be the escape peak (that at 39-40 keV) or to be due to sample mounting or fluorescence (that at about 55 key); small features at about 43 and 66.5 keV appearing only at 673 and 873 K are not identified. With increasing pressure and temperature, a peak-broadening effect is observed. The peak-shape behaviour shows that when the high pressure is fixed at 67.5 kbar, the lattice relaxation occurs upon heating, resulting in a visible reduction of the peak width. TABLE Unit-cell dependence of pressure and temperature for MnTe-I during uploading at 296 K (the first run) and following temperature rise at 67.5 kbar (the second run).
The compression behaviour of MnTe (cf. Table) allowed us to obtain the bulk modulus of the NiAs-type phase. The bulk modulus and its first derivative calculated by fitting the Birch-Murnaghan equation [14] are B0 = 473 kbar and dB0/dp = 3.0, respectively. The result of the fitting is presented in Fig. 2 . The bulk modulus obtained in this work for MnTe-I is slightly lower than that measured jointly for MnTe-I and MnTe-II (497 kbar) and that of MnTe-III (584 kbar), both reported in Ref. [9] . This sequence of values supports the expectation that high-pressure phases are stiffer than low-pressure phases. The value of bulk modulus for MnTe-I may be compared with that of sphalerite-type MnTe films: it is considerably higher than the value for a film, B0 = 151 kbar, reported in Ref. [15] as well as that which could be derived by extrapolation of (Cd,Mn)Te thin films data [16] , B 0 = 390 kbar (the derived dB 0 /dp being equal 3.4).
The dependences of unit-cell constants on temperature at fixed 67.5 kbar pressure are quoted in Table. They complete earlier investigations performed at ambient [5] and intermediate [8] pressures. The obtained dependences may be approximated by with temperature expressed in K, lattice constants in A and the cell volume in A3 .
The pressure changes of MnTe-I unit cell obtained in this work (cf. Fig. 3 ) are characterized by a smaller scatter of experimental points than that of earlier data [7, 8] . The results obtained do not confirm the nonlinearity of c0 value found in Ref. [8] . There is a small but distinct discrepancy of the slopes of the α0(p) and c0 (p) among the three sets of data. The discrepancies between the present work and earlier papers on high-pressure behaviour of the lattice constants of MnTe-I are attributed to experimental errors caused by pressure and temperature drift, poor resolution and statistics, low number of measured peaks; the experimental setup applied in this work is thought to produce small errors compared to experiments performed in conventional laboratory conditions.
